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Dry-cured ham qualityDue to the initiative to stop piglet castration, meat from entire male pigs is expected to take important share on
the European market which can affect dry-cured ham industry. In the present study, hams of entire males (EM)
and immunocastrates (IC)were submitted to dry-curing process. Sex category and salting regimewere evaluated
using standard (18 days; HS) and shortened salting (6 days; LS). At the end of processing, compared to HS, LS
hams had lower (40%) salt content, were more proteolysed, were less salty, and had softer texture and different
volatile profile. Sex effect was less evident; still, hams fromEM exhibited higher processing losses and salt intake,
andweredrier, lessmarbled, harder, andmore intensively coloured than IChams. The panellists perceivedhigher
off-flavours in hamswith high boar taint compounds (correlation 0.67 and 0.53 for skatole and androstenone, re-
spectively). The effect of sex category on volatile profile was negligible.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
Dry-cured ham Kraški pršut is a traditional Mediterranean type dry-
cured hamwith EU protection as geographical indications (Commission
Implementing Regulation (EU) No 506/2012 of 14 June 2012). It is by far
the most appreciated and recognised meat product among Slovenian
consumers and also represents an economically important product at
the national level (Čandek-Potokar & Arh, 2004). However, as the
local pig producers are unable to supply enough green hams, the ham
processing industry relies on other Europeanmarkets. Due to a foreseen
stop of surgical castration in the EU by the end of 2018 (European Dec-
laration on alternatives to surgical castration of pigs, 2010), raising un-
castrated males may become a predominant practice. Although this
alternative seems acceptable for fresh meat production (higher lean
meat deposition), it does not fulfil the requirements of dry-cured ham
processing industry, where appropriate rawmaterial quality is essential
(Čandek-Potokar & Škrlep, 2012). Namely, heavier thighs from mature
pigs with higher proportion of subcutaneous and intramuscular fat are
required to yield high quality end product. In addition, there is a certain
risk of tainted meat, caused by androstenone and skatole accumulation
in fat tissue that is disfavoured by majority of consumers (Lundström,
Matthews, & Haugen, 2009). As boar taint is related to sexual maturityek-Potokar).(Zamaratskaia, Babol, Andersson, & Lundström, 2004), this problem
could be partly avoided by slaughtering at younger age, but this may
also affect negatively meat quality. Besides raising entire males (EM),
an alternative to surgical castration is the immunisation against
endogenous GnRH (i.e. immunocastration). Recent meta-analysis
(Batorek, Čandek-Potokar, Bonneau, & Van Milgen, 2012) showed that
immunocastrates (IC) have similar raw meat quality as surgical cas-
trates (SC) and present some advantages over EM, in particular higher
intramuscular fat content. As regards EM, meta-analytical data
(Batorek, Čandek-Potokar, et al., 2012; Pauly, Luginbühl, Ampuero, &
Bee, 2012) demonstrate that EM deposit less fat (also intramuscular)
and indicate lower water holding capacity (WHC) andmeat tenderness
(Batorek et al., 2012). Thus, using hams from EM might decrease dry-
cured ham quality. Sufficient ham fatness prevents excessive desicca-
tion and represents a barrier for salt diffusion, whereas IMF additionally
contributes to the development of aroma and juiciness of dry-cured
ham (Čandek-Potokar & Škrlep, 2012). Low water holding capacity
has been associated with lower seasoning yields, as well as higher salt
uptake (Čandek-Potokar & Škrlep, 2012). Salt uptake is important in
view of product stability in the initial processing phases and its influ-
ence on aroma and texture development by affecting proteolytic, lipo-
lytic and oxidative processes (Toldrá & Flores, 1998). The level of salt
in Kraški pršut is relatively high; a recent study (Škrlep, Čandek-
Potokar, Batorek, et al., 2012) showed concentrations between 6 and
7%. The consortium rules for Kraški pršut allow up to 7.4% salt (per
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follow the current trends of healthy nutrition. For comparison, some
PDO (protected designation of origin) labelled Italian hams, have 4–6%
or even as low as 3% of sodium chloride (Benedini, Parolari, Toscani, &
Virgili, 2012; Laureati et al., 2014).
The information on using hams from EM for dry-cured ham produc-
tion is scarce and needs further substantiation. The available studies
(Bañón, Costa, Gil, & Garrido, 2003; Bañón, Gil, & Garrido, 2003;
Diestre, Oliver, Gispert, Arpa, & Arnau, 1990) were focusing on consum-
er acceptance but not on other aspects of technological quality or
aptitude for processing. In the view of the mentioned issues, the aim
of the present study was to investigate how the utilisation of rawmate-
rial from EM as compared to castrates (IC in the present case) would
influence dry ham processing (seasoning losses) and final quality
(physicochemical properties, sensory quality and volatile profile). As
green hams originating from EM and IC can behave differently in regard
to dynamics of dehydration process and salt intake, crucial for the final
product quality, two salting regimes were studied in parallel.
2. Materials and methods
2.1. Animals, ham selection and processing
The hams for the present study originated from the experiment con-
ducted at INRA, France (supervised by E. Labussière, authorisation no.
35–110) in which 16 animals, crosses of (Landrace × Large White) ×
Pietrain (8 EM and 8 IC; two siblings assigned within litter to sex
groups), were individually housed and raised under the same condi-
tions and diet, with ad libitum access to feed. IC were vaccinated
twice, at the age of 11 and 16 weeks (i.e. 9 weeks prior to slaughter).
Pigs were slaughtered according to standard slaughter procedure
(app. 20 h of feed deprivation, electrical stunning and immediate verti-
cal bleeding) at the age of 25 weeks and average live weight of 130.2 ±
13.2 kg. After the slaughter, the carcasses were cooled overnight, the
hams were cut from the carcass between the 6th and 7th lumbar verte-
bra and transported to a commercial dry ham processing facility in
Slovenia, where they were trimmed into a prescribed shape according
to the rules of Kraški pršut consortium. Both left and right hams were
harvested from each carcass. Prior to processing, in order to compare
raw material properties, measurements of ham weight, shape dimen-
sions (width, depth, circumference, as indicated in Fig. 1), subcutaneous
fat thickness (under caput femoris) and pH were made. Muscle pH was
measured in the semimembranosus muscle (SM) using MP120 pH
meter (Mettler-Toledo GmbH, Schwarzenbach, Switzerland). All hams
were salted at 2–4 °C, for 6 (LS) or 18 days (HS, standard salting dura-
tion) for right and left side hams, respectively. At the end of salting,
the residual salt was removed and the hams were held at 4–6 °C and
70–85% relative humidity (RH) (89 and 77 days for LS and HS group, re-
spectively, to enter into drying phase at the same time) allowing the salt
to equilibrate and the product to reach microbial stability. FollowingFig. 1. Sites of the green ham shape measurements i.e. width (w), depth (d) and
circumference (c).this equilibration period, the hams were submitted to drying (14–
20 °C, 60–80% RH, 70 days). After achieving an average weight loss of
26%, the open surface of the hams was coated with a mixture of pork
leaf fat, pepper and rice flour to prevent excessive desiccation. The
hams were then left to ripen for another 295 days, reaching the final
processing age of 460 days. Hams were individually weighed at the
end of each phase in order to monitor processing losses. At the end of
processing, hams were boned and samples for further analyses were
taken from the central part of the ham (comprising SM and biceps
femoris (BF) muscles), as described by Škrlep, Čandek-Potokar,
Žlender, et al. (2012), vacuum packed (operating pressure −0.95 bar
i.e. 95% vacuum) in non-permeable polyamide/polyethylene plastic
bags using OSNAVAC 5 apparatus (Röscher Vakuumtechnik GmBH,
Germany) and frozen at −20 °C until analysis. For volatile compound
analysis, samples of BFmusclewerewrapped in aluminium foil, vacuum
packed and stored at−80 °C.
2.2. Boar taint determination
For androstenone and skatole determination, the samples of subcu-
taneous fat were taken from all carcasses at the level of the last rib on
the day after the slaughter. At the end of the ripening, subcutaneous
fat from the central part of the ham was sampled in the case of EM.
The concentrations of androstenone and skatole in subcutaneous fat
were measured by HPLC according to the procedure described in
Batorek, Škrlep, et al. (2012). Concentrations were expressed as μg/g
of liquid fat; the detection limits were 0.03 μg/g for skatole and
0.24 μg/g for androstenone.
2.3. Chemical analysis
Prior to the analyses, the muscle samples were trimmed of connec-
tive and superficial fat tissue, cut in small pieces and ground in liquid ni-
trogen using a laboratory mill (IKA M120, IKA Werke GmbH, Staufen,
Germany). Sodium chloride was determined according to Škrlep,
Čandek-Potokar, Žlender, et al. (2012) using DL53 General Purpose Ti-
trator (Mettler-Toledo GmbH, Schwarzenbach, Switzerland). Dry mat-
ter (DM) was determined according to the ISO 6496 international
standard (ISO 6496, 1999) using a vacuum oven (SP-105C, Kambič
laboratorijska oprema d.o.o., Semič, Slovenia). Total nitrogen content
was determined according to ISO 5983-2 international standard (ISO
5983-2, 2005) with the use of Kjeltec 2300 Nitrogen Analyser (Foss An-
alytical, Hillerød, Denmark), while NPN was quantified as described in
Škrlep, Čandek-Potokar, Žlender, et al. (2012). Additionally, proteolysis
indexwas calculated as a ratio betweenNPN and total nitrogen content.
The content of IMFwas determined according to ISO 1443 international
standard (ISO, 1443, 1973) using Büchi Extraction System B-811 (Büchi
Labortechnik AG, Flawil, Switzerland); aw was determined by the use of
Aqua LAB 4TE apparatus (Decagon Devices Inc., Pullman, WA, USA).
2.4. Rheological measurements
For instrumental texturemeasurements, two 15mm thick sliceswere
cut and subsamples of SM and BF prepared as described in Škrlep,
Čandek-Potokar,Žlender, et al. (2012). Stress-relaxation (SR) andTexture
Profile Analysis (TPA) were performed as described in Pugliese et al.
(2015) using a texture analyser (Ametek Lloyd Instruments, Ltd., Bognor
Regis, UK) equipped with a 50 kg load cell and a 50-mm-diameter com-
pression plate (adaptor FG/CY11). For the SR test, the sampleswere com-
pressed to 25% of their original height, perpendicular to the fibre bundle
direction and at a crosshead speed of 1mm/s. The force versus time after
the compressionwas recorded at a speed of 50 points per second for 90 s
(relaxation time). The force decay coefficient was calculated as follows:
force decay = (F0 − F90) / F0, where F0 (N) is the initial force and F90
(N) is the force recorded after 90 s of relaxation. For TPA testing, the sam-
ples were compressed twice to 50% of their original height (time = 0 s
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and perpendicularly to the fibre-bundle direction. Force–time curves
were recorded and the following parameters were calculated: hardness
(N), adhesiveness (J), cohesiveness (dimensionless), springiness (mm),
gumminess (N) and chewiness (J).
2.5. Sensory analysis
A quantitative descriptive analysis was carried out by a panel of 11
trained members, 5 women and 6 men between the ages of 28 and
56, employees of Agricultural Institute of Slovenia. Panellists were re-
quired to be non-smokers and were asked not to drink (except water)
or eat anything for 2 h prior to the sensory sessions. Several commercial
hams of different origin and quality (Slovenian Kraški pršut, Italian San
Daniele, Spanish Serrano and Iberico (bellota, cebo)), including different
levels of saltiness, quality defects (excessive softness, pastiness, dryness
and different degrees of spoilage and off-flavours), were presented to
the panel in order to get them acquainted with variation of sensory at-
tributes as wide as possible. After three 2-h training sessions, individual
sensory descriptors were defined based on those described in Piasentier
et al. (2012) and Pugliese et al. (2015). Each panel member received a
1 mm thick slice (composed of BF, SM and semitendinosusmuscles and
external subcutaneous fat cover) presented on a white plastic plate
and at the ambient temperature (20 °C). Panellists evaluated 16 sensory
descriptors: 4 for the properties of the entire ham slice (marbling,
colour homogeneity, colour intensity, typical cured odour), 4 for subcu-
taneous fat (whiteness, rancidity, sweetness, off-flavour presence) and
8 for BF and SMmuscles separately (saltiness, acidity, sweetness, bitter-
ness, presence of off-flavours, solubility, juiciness and pastiness). For the
quantitative evaluation, each descriptor was scored on a 9 cm non-
structured intensity scale, anchored at both extremes (“not detected”
on the left and “very intense” on the right). Samples from four hams
were evaluated in one sensory session balanced for treatment (i.e. salt-
ing and sex), and each ham was evaluated three times in the course of
sensory sessions (n = 24). For each sensory descriptor, the average
score of all the panellists and sample repetitions was used for statistical
analysis. Panellists were not informed on the nature of the experiment
(i.e. salt reduction, the use of EM). They were, however, checked for
androstenone anosmia by smelling a vial containing pure androstenone
and nobody was anosmic.
2.6. Volatile compound analysis
Extraction of headspace (HS) volatiles compounds was performed
using solid phase microextraction (SPME) with an 85 μm Carboxen/
Polydimethylsiloxane (CAR/PDMS) fibre as described by Corral,
Salvador, and Flores (2013). Five grams of minced ham were weighed
into a 20 ml HS vial sealed with a PTFE faced silicone septum, 0.75 mg
of BHT and 0.25 μg of 2-methyl-3-hepatone (internal standard) were
added. Before extraction, the vial was equilibrated at 37 °C for 30 min
and then, SPME fibre was exposed to the headspace during 1 h at 37 °C.
The identification and quantification of HS volatile compounds was
performed in an Agilent HP 7890 series II GC (Hewlett-Packard, Palo
Alto, CA) with an HP 5975C mass selective detector (Hewlett-Packard)
equippedwithGerstelMPS2multipurpose sampler (Gerstel, Germany).
The compounds adsorbed by the SPME fibrewere desorbed in the injec-
tion port of the GC-MS for 5min at 240 °Cwith purge valve off (splitless
mode). The analysis of volatile compounds in the GC-MS was done as
described by Olivares, Navarro, and Flores (2011) using a DB-624 capil-
lary column J &WScientific (Agilent Technologies, USA) (30m, 0.32mm
i.d., film thickness 1.8 μm). Retention indices (LRI) of the volatile com-
pounds were calculated using the series of n-alkanes (Aldrich,
Germany). Compounds were identified by first comparing their mass
spectra with those contained in the NIST/EPA/NIH Mass Spectral Data-
base (NIST'05), linear retention index (Kovats, 1965) and by compari-
son with those published in literature (Corral et al., 2013; Olivareset al., 2011) or using authentic standards. Authentic samples of the
compounds were obtained and analysed under the same GC-MS condi-
tions to provide LRI values. The quantification of the volatile compo-
nents in the headspace was carried out by comparing their peak areas
(in SCAN mode using either total or extracted ion chromatogram)
with that of the internal standard and values expressed in normalized
area. Each BF sample was analysed in triplicate.
2.7. Statistical analysis
Data were analysed using the GLM procedure of SAS statistical soft-
ware (SAS Institute Inc., Cary, USA) with a 2 × 2 factorial completely
randomised design. The experimental unit was the ham. The model in-
cluded the effect of salting duration and sex. The interaction between
both of them was tested, but was not significant (P N 0.10) for any of
the traits and was thus excluded from the model. When significant ef-
fect of the treatment group was detected (P b 0.05), least squares
means (LSM) were compared using Tukey's test.
3. Results and discussion
3.1. Boar taint compounds
Determination of boar taint compounds was conducted in the sam-
ples of subcutaneous fat prior to processing in order to detect potential
IC non-responders as well as to evaluate the level of androstenone and
skatole in EM. It was also made on dry-cured ham of EM in order to
check for the potential influence of processing (Fig. 2). In the case of
IC, low concentrations of androstenone and skatole (0.27 ± 0.08 and
0.04±0.01, respectively) prove the efficiency of immunocastration. Re-
garding the results on EM fat samples prior to processing, the average
concentrations were above the sensory perception thresholds for
androstenone and on the lower limit for skatole (according to Walstra
et al. (1999) these are 0.5–1.0 μg/g and 0.20–0.25 μg/g fat for
androstenone and skatole, respectively). The levels of both compounds
were app. 30% lower in the case of dry-cured ham. To our knowledge, no
literature data exist on the effect of dry-curing on evolution of
androstenone and skatole in fat tissue. It is generally believed that it
could not significantly affect the levels of skatole and androstenone
due to their relative stability (Haugen, Brunius, & Zamaratskaia, 2012),
although androstenone is likely to have more persistent impact on
boar taint than skatole. Compared to androstenone (strictly fat soluble),
skatole is bothwater and fat soluble, which alongwith its higher volatil-
ity, increases the possibility of being released from the fat matrix into
the aqueous or gaseous phase (Lundström, Zamaratskaia, Matthews,
Haugen, & Squires, 2008). In our case the sampling location, which dif-
fered between the fresh (loin subcutaneous) and dry-cured (ham sub-
cutaneous) samples, could have additionally influenced the results; in
fact, as reported by Haugen et al. (2012), the sampling site could be a
possible source of variability.
3.2. Green ham traits and processing losses
Due to their importance for dehydration, salt intake and biochemical
changes during processing (Čandek-Potokar & Škrlep, 2012), some
traits of green hams prior to processing were recorded (Table 1). As ex-
pected, nodifference between the LS andHS groupwas observed,which
denotes no major differences between the left and right ham of the
same carcass. Sex category influenced (P b 0.05) green ham weight
and shape, with EM exhibiting heavier and more conformed hams
compared to IC. No significant differences between EM and IC were
observed for pH of SM and subcutaneous fat thickness, confirming pre-
vious reports (meta-analyses of Batorek, Čandek-Potokar, et al., 2012a;
Pauly et al., 2012) where EM, compared to castrates, exhibit higher
muscularity but no major differences in meat quality traits.
Fig. 2. Levels of boar taint compounds (mean± sd) in samples of subcutaneous fat from entiremales (EM) sampled at the level of the last rib (EM fresh) and from the central portion of the
ham (EM dry cured).
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ing groups (Table 1), while sex category affected (P b 0.05) losses in all
processing phases. Hams of EM had higher processing losses than IC
hams (3.4%-point difference at the end of ripening), which could be re-
lated to highermuscularity and lower IMF (see Table 3). Althoughmeta-
analytical studies (Batorek, Čandek-Potokar, et al., 2012a; Pauly et al.,
2012) could not clearly link EM with inferior WHC, recent studies sug-
gested EM to have lower WHC in comparison to castrates (Aluwé
et al., 2013; Batorek, Škrlep, et al., 2012b), which could explain higher
ham weight loss, especially in the initial processing phases (Čandek-
Potokar & Škrlep, 2012).
3.3. Chemical composition
Compared to standard salting duration (HS), reduction of salting to
6 days (LS) resulted in a notable decrease (by 43.3% and 39.3% in SM
and BF, respectively, P b 0.05) of salt content (Table 2). Consequently
LS hams had also higher (P b 0.05) proteolysis index and water activity
in bothmuscles, alongwith lowerDM in BF. Substantial reduction of salt
content in LS is not surprising, considering the drastic shortening of salt-
ing time, and the levels reached correspond to the ones reported for
PDO Italian hams (Benedini et al., 2012; Laureati et al., 2014). Consistent
with salt reduction, there was a notable increase in proteolysis index, as
protein breakdown is inversely related to salt concentration (Martín,
Cordoba, Antequera, Timón, & Ventanas, 1998). Proteolysis index in BF
muscle of LS hams in average exceeded 30%, a level that has beenTable 1
Rawmaterial traits and processing losses (least squaresmeans) according to salting group
and sex category.
Salting Sex P-value RMSE
HS LS IC EM Salting Sex
Green ham traits
Ham weight (kg) 12.37 12.17 11.77 12.76 0.638 0.024 1.13
pH SM 5.48 5.48 5.48 5.48 0.887 0.965 0.11
Fat thickness (mm) 16.1 14.8 16.3 14.6 0.331 0.207 3.6
Ham width (cm) 29.6 30.0 29.7 29.9 0.613 0.864 1.9
Ham depth (cm) 18.7 19.3 18.5 19.5 0.142 0.030 1.2
Circumference (cm) 80.6 79.3 78.2 81.2 0.361 0.014 3.6
Processing losses (%)
Salting, 6 days 1.8 1.8 1.4 2.1 0.936 b0.000 0.32
Salting, 18 days 3.4 – – – – – –
Resting 19.3 19.2 18.5 20.1 0.881 0.048 2.06
Drying 26.4 26.0 25.1 27.4 0.685 0.021 2.54
Ripening 34.8 35.1 33.2 36.6 0.838 0.021 3.78
Boning 50.4 51.4 49.2 52.5 0.538 0.027 3.85
HS— hams salted for 18 days; LS— hams salted for 6 days; EM— hams from entire males,
IC — hams from immunocastrated pigs; RMSE — root mean squared error; SM —
semimembranosus muscle.reported as deteriorating for dry-cured ham taste and texture (Careri
et al., 1993). However it should be noted that the methods used were
different and thus direct comparison is difficult. Concerning aw, the av-
erage value for LS hamswas above the lower limit set by consortium for
Kraški pršut (i.e. 0.93); however, it was comparable to aw reported for
Parma and San Daniele hams (i.e. 0.94 and 0.93, respectively; Laureati
et al., 2014).
Regarding the effect of sex category, EM hams had higher salt and
lower IMF content in BF (P b 0.05), a tendency (P b 0.10) for higher
DM in SM and lower proteolysis index and aw in SM and BF, respective-
ly. As indicated in the literature (Čandek-Potokar, Monin, & Žlender,
2002), higher salt and DM content could be related to dehydration
(i.e. higher weight loss) observed in the case of EM hams, leading to
lower aw and decreased level of proteolysis. The higher salt uptake
found in EM (exhibiting lower WHC) with respect to IC hams, could
be explained by the positive relationship between the amount of
water on the muscle surface and the amount of absorbed salt (Garcia-
Gil, Muñoz, Santos-Gracés, Arnau, & Gou, 2014). Lower IMF of EM
hams agreed with the literature comparing EM and castrates (Pauly
et al., 2012) or IC (Batorek, Čandek-Potokar, et al., 2012a) and could ex-
plain their higher desiccation. In general, IC are reported to be interme-
diate between EM and SC in regard to carcass traits; however, the
differences depend upon the time elapsed between an effective
immunisation and slaughter: the longer the interval, the higher is the
similarity between IC and SC (Škrlep, Čandek-Potokar, Batorek, et al.,Table 2
Effect of salting group and sex category on chemical composition (least squaresmeans) of
dry-cured ham.
Salting Sex P-value RMSE
HS LS IC EM Salting Sex
SM muscle
DM (g/kg) 474.1 467.1 461.0 480.2 0.521 0.086 29.5
Salt (g/kg) 65.0 36.8 49.4 52.4 b0.000 0.229 6.6
IMF (g/kg) 41.77 45.04 44.93 41.87 0.307 0.340 8.6
Proteolysis
index (%)
23.07 26.30 25.43 23.94 0.001 0.084 2.11
aw 0.900 0.942 0.925 0.917 b0.000 0.100 0.01
BF muscle
DM (g/kg) 408.5 389.6 400.7 397.4 0.012 0.663 19.1
Salt (g/kg) 73.2 44.4 56.0 61.6 b0.000 0.036 6.9
IMF (g/kg) 34.59 32.4 37.3 29.7 0.508 0.028 8.98
Proteolysis
index (%)
29.94 34.07 31.81 32.19 0.005 0.778 3.4
aw 0.900 0.939 0.923 0.916 b0.000 0.084 0.01
HS— hams salted for 18 days; LS— hams salted for 6 days; EM— hams from entire males,
IC — hams from immunocastrated pigs; RMSE — root mean squared error; SM —
semimembranosusmuscle; BF— biceps femorismuscle; DM— drymatter; IMF— intramus-
cular fat; aw — water activity.
Table 4
Effect of salting group and sex category on sensory traits (least squares means) of dry-
cured ham.
Salting Sex P-value RMSE
HS LS IC EM Salting Sex
Entire slice
Meat colour uniformity 6.4 6.5 6.5 6.4 0.448 0.484 0.5
Meat colour intensity 4.8 5.4 4.8 5.3 0.001 0.003 0.4
Marbling 2.6 2.8 3.1 2.3 0.452 0.005 0.7
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usual time (4–6 weeks); therefore more resemblance of IC to SC can be
expected.
3.4. Rheological properties
Salting regime affected the majority of the dry-cured ham rheologi-
cal traits (Table 3). Shorter saltingwas associated (P b 0.05)with higher
force decay coefficient and lower hardness, cohesiveness, gumminess,
and chewiness in BF and SM along with higher adhesiveness and
lower springiness in SM. In general, the changes in dry-cured ham tex-
ture can be related either to dehydration,which causes hardening of the
product (Serra, Ruiz-Ramírez, Arnau, & Gou, 2005) or to proteolysis
(Ruiz-Ramírez, Arnau, Serra, & Gou, 2006), which increases the softness
due to the cleavage of structural proteins. Salt level is important for both
because it is associated with higher dehydration (Ruiz-Ramírez, Arnau,
Serra, & Gou, 2005) and with inhibition of proteolysis (Martín et al.,
1998). In the present study, processing losses were similar for both salt-
ing treatments, whereas increased proteolysis index and aw accompa-
nied by lower salt content in LS compared to HS hams (Table 2)
clearly indicate the effect on muscle protein breakdown and, conse-
quently, on texture parameters. As in the present study, similar effect
of salt reduction was demonstrated by other investigations on dry-
cured ham, which reported a decrease in hardness, cohesiveness
(Ruiz-Ramírez et al., 2005), gumminess, chewiness (Laureati et al.,
2014) and springiness (Benedini et al., 2012; Ruiz-Ramírez et al., 2005).
Sex category affected notably (P b 0.05) only a few rheological pa-
rameters, namely hardness and gumminess in SM with higher values
in EM than IC hams. The absence of important differences in rheological
parameters is in line with relatively small differences between the two
sex categories in other properties that could have affected dry-cured
ham texture. Nevertheless, higher salt content, lower DM content and
lower proteolysis index of EM hams comply with higher hardness. Fur-
thermore, lower IMF content in EM hams (although differences be-
tween the sex categories were significant only for BF) could also
explain higher hardness (Bañón, Costa, et al., 2003; Bañón, Gil, &
Garrido, 2003).
3.5. Sensory traits
In conformity with physico-chemical and rheological traits, salting
regime also affected (P b 0.05) sensory traits (Table 4). On the entireTable 3
Effect of salting and sex category on rheological traits (least squares means) of dry-cured
ham.
Salting Sex P-value RMSE
HS LS IC EM Salting Sex
SM muscle
Force decay coefficient 0.62 0.68 0.66 0.64 0.000 0.131 0.03
Hardness (N) 89.3 48.5 54.5 83.3 0.002 0.026 33.41
Cohesiveness 0.50 0.43 0.48 0.62 0.017 0.622 0.08
Gumminess (N) 44.6 21.5 27.0 39.1 0.001 0.050 16.18
Springiness (mm) 3.6 3.2 3.5 3.3 0.043 0.314 0.56
Chewiness (N) 163.2 70.9 99.6 134.6 0.000 0.135 62.05
Adhesiveness (N * mm) −2.4 −3.2 −2.8 −2.8 0.036 0.936 1.00
BF muscle
Force decay coefficient 0.68 0.72 0.71 0.70 0.001 0.134 0.03
Hardness (N) 42.7 25.1 33.8 34.0 b0.000 0.940 9.15
Cohesiveness 0.52 0.40 0.45 0.46 0.001 0.889 0.09
Gumminess (N) 23.6 10.4 16.9 17.1 0.000 0.922 7.95
Springiness (mm) 3.6 3.6 3.6 3.6 0.872 0.983 0.88
Chewiness (N) 88.6 37.1 62.9 62.8 0.001 0.993 37.06
Adhesiveness (N * mm) −1.2 −1.5 −1.4 −1.2 0.406 0.491 0.88
HS— hams salted for 18 days; LS— hams salted for 6 days; EM— hams from entire males,
IC — hams from immunocastrated pigs; RMSE — root mean squared error; BF — biceps
femorismuscle; SM— semimembranosus muscle.slice, LS hams showedmore intensive colour and lower score for typical
cured odour. In BF and SM of LS hams, lower saltiness and sourness,
higher bitterness, sweetness and pastiness, and also higher juiciness
(only SM) were observed. Short salting also caused higher off-flavours
perception (in BF, SM and subcutaneous fat) and lower subcutaneous
fat sweetness. More intense colour of LS hams is not easy to explain.
Some researchers (Bermúdez, Franco, Carballo, & Lorenzo, 2014) re-
ported negative correlation between NaCl content and dry-cured ham
lightness (L*), whereas others reported the opposite (Čandek-Potokar
et al., 2002). Grossi, do Nascimento, Cardoso, and Skibsted (2014) indi-
cated the importance of proteolysis for the formation of stable red pig-
ment in dry-cured ham, which could be related to more intense colour
of LS hams observed in the present study. Lower saltiness perception
agrees with lower salt content of LS hams, whereas lower sourness
could be related to chloride ions and DM content (Buscailhon,
Touraille, Girard, & Monin, 1995). Traits like increased juiciness or
sweetness are most likely a reflectance of their negative associations
to DM and NaCl (Benedini et al., 2012; Bermúdez et al., 2014). Apart
from positive effects of salt reduction, several undesired consequences
could also be observed, i.e. increased pastiness, lower score for typical
matured odour in conjunction with higher bitterness and off-flavour
presence. All these results are indicative of excessive proteolytic degra-
dation shown as increased amount of specific free amino acids, short
peptides, NPN or protease activity (Virgili & Schivazappa, 2002). Besides
its effect on proteolysis, salt acts as a flavour enhancer (Rabe, Krings, &
Berger, 2003) which agrees with the overall picture of sensory traits of
LS hams; namely as shown in Parma hams, less mature flavour and un-
wanted green meat flavour are observed in hams with lower salt con-
tent (Benedini et al., 2012).
Considering sex category of the pigs, its effect on sensory traits was
limited (Table 4). In comparison to IC, EM hams were scored higherTypical cured odour 5.6 5.1 5.5 5.3 0.033 0.294 0.6
Subcutaneous fat
Fat whiteness 6.0 5.7 6.2 5.5 0.394 0.047 0.8
Fat sweetness 4.1 3.7 4.0 3.8 0.000 0.042 0.3
Fat off-flavour 0.9 1.3 1.0 1.2 0.015 0.230 0.4
Fat rancidity 1.5 1.6 1.5 1.7 0.545 0.340 0.5
BF muscle
Bitterness 0.7 1.3 1.0 1.0 b0.000 0.731 0.4
Sourness 2.3 1.9 2.1 2.2 0.002 0.529 0.3
Sweetness 0.6 1.3 1.0 0.9 b0.000 0.586 0.2
Saltiness 6.8 4.7 5.7 5.8 b0.000 0.612 0.4
Juiciness 5.3 5.5 5.5 5.3 0.121 0.158 0.4
Solubility 5.2 5.4 5.4 5.2 0.553 0.482 0.5
Pastiness 1.6 2.9 2.3 2.2 0.009 0.831 1.2
Off-flavour 0.9 1.9 1.4 1.4 0.000 0.735 0.6
SM muscle
Bitterness 0.7 1.4 1.1 1.0 b0.000 0.395 0.4
Sourness 1.9 1.4 1.6 1.6 b0.000 0.687 0.3
Sweetness 0.6 1.3 0.9 1.0 b0.000 0.626 0.1
Saltiness 5.9 3.8 4.8 5.0 b0.000 0.359 0.5
Juiciness 4.1 4.5 4.5 4.1 0.047 0.093 0.5
Solubility 5.1 5.3 5.3 5.1 0.125 0.100 0.4
Pastiness 1.2 2.1 1.6 1.6 0.032 0.980 1.1
Off-flavour 0.7 1.7 1.2 1.2 b0.000 0.760 0.5
HS— hams salted for 18 days; LS— hams salted for 6 days; EM— hams from entire males,
IC — hams from immunocastrated pigs; RMSE — root mean squared error; SM —
semimembranosusmuscle; BF— biceps femorismuscle.
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and fat sweetness, along with a tendency (P ≤ 0.10) for lower SM juici-
ness and solubility. Limited effect of sex category on sensory traits is in
agreement with differences in other traits, especially the chemical com-
position. Higher colour intensity could be related to slightly higher DM
and salt content along with lower aw and IMF observed in EM than IC
hams. Lower IMF content in EM than IC hamswas confirmed by sensory
panel as lower marbling score, whereas lower SM juiciness and solubil-
ity could be related to its DM and proteolysis index, respectively. Addi-
tionally, lower juiciness could also be related to lower IMF andmarbling
(Bermúdez et al., 2014). As indicated by Benedini et al. (2012), lower fat
sweetness in EM hams could be related to lower amount of fat, which is
known to be associated with fatty acids composition i.e. level of
unsaturation (Wood et al., 2008). There is not much literature on the
utilisation of EM for dry-cured ham production. In general, the results
on sensory quality agree with the studies of Bañón, Costa, et al.
(2003), Bañón, Gil, and Garrido (2003), where hams of EMwere less ar-
omatic, tasty, juicy, tender and marbled compared to hams from cas-
trates. They also reported EM hams as having noticeable boar odour
and flavour. In the present study, no effect of sex category on off-
flavours was observed on the whole (Table 4). However, this does not
mean that boar taintwas not detected. As shownby correlation analysis,
off-flavours perception in the fat was positively correlated with skatole
(r = 0.53, P = 0.04) and androstenone (r = 0.67, P = 0.01) levels. In
particular, hams with boar taint levels above thresholds (1.0 μg/g and
0.20 μg/g for androstenone and skatole, respectively) were attributed
to higher off-flavour scores by panellists (data not shown).
The reasons for lesser sensitivity to boar taint in dry-cured hams
could be several. Skatole concentrations (partly water soluble) are
lower in the muscle than fat tissue (Rius Solé & García Reguieiro,
2001), while the levels of androstenone are strictly fat dependent
(Claus, 1975). Consequently boar taint is less pronounced, especially
in the leanermeat of EM.Moreover, dry-cured ham is usually consumed
at room temperature, which reduces odour release and boar taint per-
ception (Lundström et al., 2009). Font I Furnols (2012) indicated that
dry-curing process does not mask boar taint and that samples with
androstenone levels exceeding 0.5 to 0.7 μg/g adipose tissue, would be
less acceptable. Other authors indicated higher thresholds, e.g. 1 μg/g
(Diestre et al., 1990), 2 μg/g for androstenone and 0.12 μg/g for skatole
(Bañón, Costa, et al., 2003). Similarly, higher perception levels were re-
ported for other meat products that are eaten cold. For example,
Bonneau et al. (1992) set acceptability levels in cooked ham served
cold at 1.5 μg/g fat for androstenone and 0.75 μg/g fat for skatole.
3.6. Volatile compounds
In the present study, ninety-two different volatile compounds were
identified (Table 5) from dry-cured BF muscle and their identification
were confirmed by using authentic standards. The most numerous
group were esters (20), followed by aldehydes (15), alcohols (14),
acids (11), ketones (10), alkanes (9), sulphur compounds (5), furans
(3), polycyclic aromatic hydrocarbons (PAH) (3) and pyrazines (2). Re-
garding the effect of salting, LS hams had less aldehydes (P N 0.01), sul-
phur compounds (P b 0.01), ketones (P b 0.05), alkanes (P b 0.001), but
more furanes (P b 0.01) than HS hams. On the other hand, there was
only a tendency (b0.10) for sex differences, i.e. EM hams had less
acids, alcohols and alkanes, but more sulphur compounds, ketones
and esters (Fig. 3). There is only one available study dealing with the
volatile profile of Kraški pršut (Pugliese et al., 2015) after 16 months of
curing. It shows high abundance of ketones (40%) and esters (26%)
followed by aldehydes (18%) and alcohols (11%). The main differences
observed can be due to the different fibre used for extraction, as we
used CAR/PDMS while Pugliese et al. (2015) used DVB/CAR/PDMS
fibre. Other studies on Mediterranean hams report aldehydes as a pre-
dominant group, whereas the importance of other groups is roughly
similar (Sabio, Vidal-Aragon, Bernalete, & Gata, 1998; Sánchez-Peña,Luna, García-González, & Aparicio, 2005). However, it has to be noted
that comparisons are limited also due to the different extraction
methods applied. As in the present study, esters were also a predomi-
nant group of volatiles in Parma ham (Barbieri et al., 1992). It is charac-
teristic for both Kraški pršut and Parma, for which the use of nitrites is
not allowed, contrary to its common use in Spanish Serrano and French
Bayonne hams.
Salting regime affected numerous identified volatile compounds
(Table 5). Compared to standard salting duration, the shortened proce-
dure resulted in lower (P b 0.05) amount of total aldehydes including 2-
methylpropanal, butanal, 3-methylbutanal, pentanal, heptanal, and
higher (P b 0.05) amounts of benzenacetaldehyde and decanal. Alde-
hydes differ according to their origin to those arising from lipid oxida-
tion and those formed from amino acid degradation. Linear saturated
(C5–C10), unsaturated (C6–C11) and polyunsaturated aldehydes with
more than 5 carbon atoms are formed by lypolysis–autoxidation reac-
tions of unsaturated fatty acids (Frankel, 1991), whereas butanal and
methyl-branched aldehydes arise from proteolysis and Strecker
degradation reactions of amino acids valine, leucine and isoleucine
(Ventanas et al., 1992). If a pro-oxidant effect of salt (Kanner, Harel, &
Jaffe, 1991) is considered, this could explain the elevated amounts of
total aldehydes and of some specific ones, like heptanal and pentanal,
observed inHS hams compared to LS. On the other hand, the level of he-
xanal, a main oxidation product, was not affected by the level of salt, in
agreement with Andrés, Cava, Ventanas, Muriel, and Ruiz (2007)
reporting no effect of salt reduction of this aldehyde in Iberian ham,
but also nomajor effect on other volatiles. Regarding branched-chain al-
dehydes as butanal, 2-methylpropanal and 3-methylbutanal, lower aw
reached in HS hams could favour their formation by Strecker degrada-
tion (Barbieri et al., 1992). Higher concentration of benzenacetaldehyde
in LS hams can be related to higher level of proteolysis, as this com-
pound arises from Strecker degradation of amino acid phenylalanine
(Belitz & Grosch, 1997).
Total alcohols were not significantly (P N 0.10) affected by salting
duration, however for several specific alcohols, lower amounts (2-
propanol, 1-penten-3-ol, 1-pentanol) or higher amounts (2-methyl-3-
buten-2-ol and 2-pentanol)were observed in LS thanHS hams. Alcohols
can havemultiple origins. Straight chain aliphatic alcohols can be gener-
ated by the oxidation of lipids, whereas methyl branched alcohols are
most likely derived from Strecker degradation of free amino acids
through the oxidation of their respective aldehydes (Flores, Grimm,
Toldrá, & Spanier, 1997). Thus lower amounts of straight chain alcohols,
like 2-propanol, 1-penten-3-ol and 1-pentanol, can be ascribed to lower
level of lipid oxidation in LS thanHShams.On the other hand, the higher
amounts of amino acid-derived compounds as 2-methyl-3-buten-2-ol
thatwere found in LS thanHShams could be related tomore proteolysis
due to lower salt content.
Although esters were predominant in the present study, their total
amount was not affected (P N 0.10) by salting duration. Nevertheless
some specific compoundswere less abundant in LS thanHShams (methyl
3-methylbutanoate, ethyl 2-methylbutanoate, ethyl 3-methylbutanoate,
ethyl benzene and ethyl heptanoate), and some were more abundant in
LS than HS hams (methyl propanoate, ethyl propanoate and methyl
hexanoate). In dry-cured hams the origin of esters ismost likely the ester-
ification of carboxylic acids and alcohols, generated by lipid oxidation in
the intramuscular tissue (Flores et al., 1997). The evolution of esters fol-
lows the one of acids and alcohols (Pugliese, Sirtori, Calamai, & Franci,
2010). In line with salt level effect, ethyl propanoate, methyl 3-
methylbutanoate, ethyl 3-methylbutanoate, ethyl 2-methylbutanoate,
ethyl pentanoate and their acid precursors (2-methylpropanoic, 3-
methylbutanoic, 2-methylbutanoic and pentanoic) were less abundant
in LS than HS hams.
Reduced salting resulted in lower (P b 0.05) amounts of total alkanes
(specifically octane and nonane), and higher (P b 0.05) quantities of tri-
and tetradecane, compared to standard salting. Similarly to other
straight chain volatiles, straight chain aliphatic alkanes with less than
Table 5
Effect of salting time and sex on the volatile compounds identified in the headspace of Slovenian dry ham (biceps femoris) at the end of the ripening processa.
Salting Sex P-value RMSE
LRI HS LS IC EM Salting Sex
Aldehydes
Acetaldehyde 466 0.36 0.35 0.28 0.42 0.757 0.020 0.15
2-Methylpropanal 593 0.65 0.33 0.45 0.55 0.001 0.233 0.22
Butanal 622 0.03 0.01 0.02 0.02 0.005 0.784 0.01
3-Methylbutanal 689 20.72 13.78 16.31 18.24 0.048 0.565 7.87
2-Methylbutanal (86)b 699 0.07 0.06 0.06 0.07 0.413 0.427 0.04
Pentanal 737 2.59 0.54 1.43 1.84 0.001 0.438 1.28
Hexanal 840 25.87 21.88 22.59 25.03 0.257 0.486 8.54
2-Hexenal (E) (69)b 905 0.06 0.06 0.05 0.06 0.912 0.597 0.04
Heptanal 939 2.15 1.46 1.93 1.73 0.003 0.352 0.52
2-Heptenal (E) 1011 0.04 0.06 0.03 0.06 0.268 0.148 0.05
Benzaldehyde 1018 1.79 1.50 1.61 1.68 0.083 0.663 0.42
Octanal 1048 2.86 3.08 2.66 3.24 0.639 0.209 1.12
Benzeneacetaldehyde (91)b 1108 0.26 0.55 0.41 0.39 0.010 0.800 0.25
Nonanal 1149 1.79 1.49 1.83 1.48 0.054 0.028 0.37
Decanal 1257 0.09 0.16 0.10 0.13 0.000 0.061 0.04
Alcohols
Ethanol 508 56.97 58.34 63.59 52.94 0.798 0.058 13.17
2-Propanol 540 4.47 2.83 3.45 3.98 0.000 0.193 0.99
1-Propanol 612 0.25 0.24 0.26 0.23 0.780 0.467 0.09
2-Methyl-3-buten-2-ol 654 0.07 0.14 0.13 0.08 0.050 0.155 0.08
1-Butanol 726 0.01 0.03 0.02 0.02 0.096 0.835 0.02
1-Penten-3-ol 740 0.69 0.23 0.54 0.43 b0.000 0.169 0.19
3-Methyl-1-butanol 794 2.07 1.12 1.57 1.74 0.107 0.769 1.33
1-Pentanol 826 1.57 0.52 0.99 1.22 b0.000 0.283 0.50
2-Pentanol (73)b 755 0.01 0.03 0.01 0.03 0.006 0.007 0.01
2-Hexanol 852 0.02 0.02 0.02 0.03 0.741 0.078 0.02
1-Hexanol 922 0.39 0.44 0.25 0.56 0.771 0.075 0.39
2-Butoxyethanol 954 0.12 0.08 0.10 0.11 0.114 0.657 0.06
1-Octen-3-ol 1031 0.91 1.23 0.91 1.18 0.344 0.428 0.80
4-Methylphenol 1195 0.12 0.12 0.16 0.08 0.977 0.006 0.06
Alkanes
Pentane 500 2.40 2.16 2.38 2.22 0.550 0.682 0.94
Heptane (100)b 700 0.06 0.07 0.07 0.06 0.829 0.542 0.04
Octane 800 9.43 3.49 7.47 6.06 b0.000 0.138 2.22
2-Octene 810 1.21 1.34 1.16 1.37 0.512 0.274 0.46
Nonane 900 0.19 0.13 0.16 0.17 0.002 0.651 0.05
Undecane 1100 0.03 0.03 0.03 0.03 0.840 0.146 0.01
Dodecane 1200 0.13 0.15 0.12 0.16 0.094 0.003 0.03
Tridecane 1300 0.11 0.22 0.15 0.17 b0.000 0.348 0.05
Tetradecane 1400 0.05 0.21 0.14 0.10 b0.000 0.142 0.07
Sulphur compounds
Methanethiol (47)b 472 0.18 0.14 0.15 0.17 0.169 0.411 0.06
Carbon disulfide 537 4.47 2.83 3.47 3.96 0.000 0.229 0.98
Dimethyl disulfide 772 0.40 0.18 0.29 0.29 0.003 0.932 0.16
3-(Methylthio)-propanal 965 0.58 0.56 0.58 0.56 0.802 0.704 0.17
Dimethyl trisulfide 1003 0.05 0.03 0.03 0.04 0.098 0.648 0.03
Ketones
Acetone 529 6.19 4.25 5.92 4.74 0.019 0.140 1.91
2,3-Butanedione 626 0.17 0.16 0.19 0.14 0.606 0.112 0.08
2-Butanone 630 4.55 2.59 3.30 3.99 0.001 0.167 1.23
2-Pentanone 733 6.93 4.55 5.06 6.49 0.017 0.132 2.23
3-Hydroxy-2-butanone 781 2.24 1.65 2.07 1.89 0.085 0.588 0.83
2-Hexanone 835 0.82 0.63 0.64 0.81 0.130 0.174 0.30
2-Heptanone 933 3.88 4.16 3.38 4.50 0.648 0.076 1.49
Butyrolactone 1022 0.48 0.45 0.48 0.46 0.664 0.851 0.18
6-Methyl-5-hepten-2-one 1037 0.83 0.91 1.07 0.69 0.514 0.009 0.34
2-Octanone (58)b 1039 0.12 0.14 0.10 0.16 0.540 0.042 0.06
Esters
Methyl acetate 551 5.45 15.50 6.17 13.87 0.005 0.025 7.38
Ethyl acetate 635 277 299 253 316 0.556 0.106 90.3
Methyl propanoate 650 0.01 0.29 0.12 0.15 0.001 0.676 0.15
Ethyl propanoate 744 3.28 1.67 2.03 2.97 0.013 0.126 1.44
Propyl acetate 748 4.78 3.78 3.98 4.61 0.212 0.427 1.88
Ethyl 2-methylpropanoate 788 1.92 2.08 1.97 2.00 0.379 0.883 0.47
Methyl 3-methylbutanoate (85)b 805 1.49 0.30 1.01 0.85 b0.000 0.332 0.41
Ethyl butanoate (71)b 831 0.36 0.29 0.35 0.30 0.211 0.436 0.14
Butyl acetate 847 0.42 0.32 0.35 0.39 0.220 0.562 0.20
Methyl pentanoate 855 0.02 0.05 0.02 0.05 0.197 0.067 0.04
(continued on next page)
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Table 5 (continued)
Salting Sex P-value RMSE
LRI HS LS IC EM Salting Sex
Esters
Ethyl 2-hydroxypropanoate (75)b 866 0.00 0.01 0.00 0.01 0.549 0.277 0.00
Ethyl 2-methylbutanoate 878 1.01 0.44 0.69 0.77 0.001 0.586 0.33
Ethyl 3-methylbutanoate 881 2.15 0.90 1.72 1.41 0.000 0.308 0.71
Ethyl benzene 883 0.29 0.40 0.33 0.36 0.000 0.333 0.08
3-Methyl-1-butanol acetate (70)b 906 0.52 0.61 0.50 0.61 0.515 0.378 0.30
Ethyl pentanoate 927 0.56 0.32 0.43 0.46 0.005 0.634 0.19
Methyl hexanoate 950 0.08 0.73 0.06 0.60 b0.000 b0.000 0.27
Ethyl hexanoate 1030 3.44 3.06 3.35 3.18 0.419 0.712 1.16
Ethyl heptanoate 1127 0.09 0.05 0.07 0.08 0.045 0.645 0.05
Ethyl octanoate 1230 0.42 0.59 0.58 0.44 0.060 0.117 0.21
Acids
Acetic acid (60)b 713 6.98 8.27 7.48 7.65 0.251 0.880 2.65
Propanoic acid (45) 805 0.05 0.01 0.04 0.03 b0.000 0.816 0.01
2-Methylpropanoic acid 860 1.71 0.46 1.33 1.05 b0.000 0.047 0.34
Butanoic acid 887 3.79 3.42 4.17 3.16 0.413 0.033 1.08
3-Methylbutanoic acid 936 4.27 1.21 3.40 2.92 b0.000 0.173 0.79
2-Methylbutanoic acid (74)b 942 0.59 0.19 0.47 0.37 b0.000 0.032 0.11
Pentanoic acid (60)b 974 0.22 0.12 0.20 0.16 0.001 0.164 0.07
Hexanoic acid 1075 7.09 5.46 6.77 5.99 0.045 0.317 1.85
Heptanoic acid (60)b 1165 0.01 0.01 0.01 0.01 0.294 0.695 0.01
Octanoic acid 1264 0.25 0.55 0.44 0.32 b0.000 0.017 0.11
Nonanoic acid (60)b 1356 0.01 0.02 0.02 0.02 0.525 0.492 0.01
Furans
2-Ethylfuran 720 0.05 0.06 0.04 0.07 0.246 0.006 0.02
2-Butylfuran 908 0.67 4.79 2.28 2.94 0.000 0.509 2.41
2-Pentylfuran 1010 0.28 0.33 0.20 0.39 0.395 0.003 0.14
PAH
Benzene 675 0.04 0.04 0.04 0.04 0.753 0.431 0.02
p-Xylene 891 3.34 3.27 3.65 3.03 0.834 0.075 0.81
o-Xylene 916 0.59 0.56 0.54 0.60 0.602 0.357 0.16
Pyrazines
2,6-Dimethylpyrazine (108)b 943 0.33 0.31 0.33 0.31 0.638 0.644 0.10
Trimethylpyrazine (122)b 1038 0.05 0.05 0.05 0.05 0.665 0.955 0.02
HS— hams salted for 18 days; LS— hams salted for 6 days; EM— hams from entiremales, IC— hams from immunocastrated pigs; RMSE— root mean squared error; LRI— linear retention
index of the compounds eluted from the GC-MS using a DB-624 column capillary column (30 m × 0.25 mm i.d. × 1.4 μm film thickness).
a Values expressed as normalized area (Area Comp/Area IS) (IS: 2-methyl-3-heptanone).
b Target ion in brackets used to quantify the compound when the peak was not completely resolved.
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1986), which would explain lower amounts of octane and nonane in LS
than HS hams.
Available literature on dry-cured ham does not report any effect of
salt reduction on sulphur compounds. In the present study, the total sul-
phur compounds (including carbon disulfide and dimethyl disulfide),
were less abundant (P b 0.05) in the case of reduced salting. They are
principally formed from sulphur containing amino acids via Strecker
degradation to thiols (Shahidi et al., 1986).
Regarding the amounts of total ketones (specifically acetone, 2-
butanone and 2-pentanone), they were found in lower quantities in LS
than HS in hams. Although their origin can be different, the most proba-
ble source of ketones in dry-cured ham is fatty acid oxidation (Berdague,
Denoyer, Le Quere, & Semon, 1991). Whereas a decrease with lower salt
level was reported for almost all identified ketones in dry-cured lacón
(Purriños, Franco, Carballo, & Lorenzo, 2012), Andrés et al. (2007) report-
ed only limited effect of salt content in dry-cured ham.
Lower amounts (P b 0.05) of total acids (particularly propionic, 2-
methylpropionic, 3-methylbutanoic, 2-methylbutanoic, pentanoic and
hexanoic acid) were found in LS than HS hams, with only one (octanoic
acid) showing the opposite. Themajority of the straight chain carboxylic
acids are derived from oxidation of unsaturated fatty acids (Ruiz,
Ventanas, Cava, Andres, and Garcia, 1999). According to Pérez-
Palacios, Ruiz, Martín, Grau, and Antequera (2010), branched-chain
acids could also be formed by the oxidation from their respective pre-
cursor aldehydes, which was confirmed in the present study (i.e.lower amounts of methyl-aldehydes correspond to lower amounts of
methyl-branched acids in LS hams).
Whereas the amount of total PAH and pyrazines were not affected
by salting, the abundance of total furans (including 2-butylfuran) was
higher (P b 0.05) in LS compared to HS hams.
No effect of sex category was observed (P b 0.05) on any of the vol-
atile compound family. It can, however, be mentioned that EM tended
(P b 0.10) to have less alcohols, less acids, andmore sulphur compounds
and esters than IC. Regarding individual compounds, significant
(P b 0.05) effect of sex category was observed in several cases. Com-
pared to IC, the EM hams were associated with higher acetaldehyde,
2-pentanol, dodecane, 2-octanone, methyl acetate, methyl hexanoate,
2-ethylfuran, and 2-pentylfuran along with lower nonanal, 4-
methylphenol, 6-methyl-5-hepten-2-on, and 2-methylpropionic,
butanoic, 2-methylbutanoic and octanoic acid amount.
The lack of important differences agreeswithminor effect of sex cat-
egory on sensory properties and chemical composition. Still, BF muscle
of EM hams had higher salt content and lower aw than IC (Table 2)
which could have affected volatile formation. Volatile profile depends
also on the amount of the IMF, a substrate for volatile formation
(Ventanas, Estévez, Andrés, & Ruiz, 2008) which was lower in EM
than IC (Table 2). It is known that fat of boars has a higher proportion
of polyunsaturated fatty acids compared to IC or/and SC (Pauly et al.,
2012) due to their lower fatness (Wood et al., 2008). However, in the
present study, the volatile profile provides no clear evidence for higher
oxidation in BF muscle of EM, despite lower IMF. In the context of boar
Fig. 3. Relative abundance of individual volatile groups according to salting regime (LS: hams salted for 6 days; HS: hams salted for 18 days) and sex category (EM: entire males; IC:
immunocastrated males). Levels of significance (P-value) are indicated as *** (P b 0.0001), ** (P b 0.01), * (P b 0.05), † (P b 0.10), ns (P N 0.10). PAH: polycyclic aromatic hydrocarbons,
Total VOCs: total volatile organic compounds.
35M. Škrlep et al. / Meat Science 111 (2016) 27–37taint, it is worth looking at the potential contribution of volatiles because
skatole and androstenone do not completely explain boar taint. Other
compounds were suggested to be involved; in particular products of
lipid oxidation leading to the formation of short-chain aldehydes and
fatty acids are responsible for off-flavours related to rancid, pungent,
sour, fatty, waxy and almond attributes (Rius, Hortós, & García-
Regueiro, 2005; Rius Solé & García Reguieiro, 2001). Among aldehydes
in the present study, acetaldehyde, nonanal and decanal were higher in
EM than IC. Among alcohols, 4-methylphenol has been related to off-
flavour of pig meat (Ha & Lindsay, 1991), but was less abundant in EM
than IC hams, as were 2-methylpropanoic, butanoic, 2-methylbutanoic
and octanoic acid. Regarding the predominant group, i.e. esters, methyl
acetate and methyl hexanoate were higher (P b 0.05) in EM than IC. In
summary, no significant sex effect on volatile compounds was obtained
in spite of differences in term of salt, aw and IMF content between EM
and IC that could have affected volatile generation.
4. Conclusions
Due to considerable salt reduction, themajority of investigated traits
(chemical, rheological, sensory traits and volatile compounds) weresubstantially affected, but not always positively (i.e. soft texture, inferior
sensory profile). The effect of sex was less evident; however, it affected
raw material and several dry-cured ham chemical and sensory traits.
The use of entire males resulted in inferior raw material for dry cured
ham production as demonstrated by lower production yield, drier and
harder end product, and a higher salt content. As regards boar taint,
only high levels of androstenone and skatole in the fat were perceived
as off flavour. Volatile compounds were notably affected by salting re-
duction whereas the influence of sex category was negligible.Acknowledgements
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